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Abstract Abstract 
The integration of advanced artificial intelligence (AI) and humanoid robotics into healthcare represents a critical evolution 
in biotechnology with profound societal implications. This review explores the bioethical implications of these technologies, 
and their potential to displace human agency in life-critical decisions. It adopts an interdisciplinary approach encompassing 
ethics, law, and technology. The review examines how innovations in AI and robotics might shift autonomy from humans 
to machines, and addresses the accountability challenges inherent in such transitions. We synthesize discussions on the 
ethical management of AI and robotics, underscoring the importance of maintaining human oversight and integrating ethical 
standards in technology development to prevent worsening of social inequalities. While AI and robotics present challenges to 
traditional concepts of autonomy, ethical responsibility, and justice, careful and inclusive policymaking and ethical oversight 
can harness these technologies to enhance human well-being. This analysis highlights the necessity for continued cross-
disciplinary research to navigate the complex ethical landscapes these technologies create, emphasizing that the proactive 
engagement of diverse stakeholders is essential to guide AI and robotics towards improving human health.
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Introduction Introduction 
The rapid advancement of AI and humanoid robotics marks a sig-
nificant shift in 21st-century medical sciences. These technologies 
extend human capabilities but run the risk of increasingly replac-
ing humans in ethically sensitive domains such as robotic surgery, 
AI-driven drug discovery, and even genomic diagnostics (1,2). For 
instance, systems like the da Vinci Surgical Robot or AI platforms 
for cancer prognosis exemplify how decision-making autonomy is 
shifting from human clinicians to algorithms, raising urgent ques-
tions about accountability, patient safety, and the value of human 
judgment in life-critical decisions (3). As human–machine inter-
actions become deeply integrated into biomedical contexts, ethical 
and ontological challenges are becoming increasingly significant. 
The delegation of cognitive and physical tasks to nonhuman sys-
tems raises complex issues related to human autonomy, identity, 
and control. In domains such as robotic caregiving, autonomous 
vehicles, and assistive social robotics, the development of ethical 
accountability mechanisms and the establishment of clear respon-
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         Medical Biotechnology sibility frameworks are particularly pressing. These develop-
ments require a reassessment of traditional concepts of agency 
and ethical oversight in the light of nonhuman actors perform-
ing roles that directly impact human welfare (4). Nevertheless, 
numerous studies have emphasized the exceptional benefits 
of AI and robotics, especially in the healthcare sector. For in-
stance, predictive analytics powered by AI has shown strong 
potential in enabling proactive interventions and resource al-
location by identifying disease patterns based on historical and 
demographic data (5). Furthermore, AI supports personalized 
medicine by tailoring treatments to individual patient charac-
teristics, thereby enhancing care outcomes and efficiency.

Mainstream discussions of AI and robotics often focus on 
efficiency, innovation, and scalability, but these considerations 
can overshadow pressing normative concerns. The deploy-
ment of humanoid systems, which integrate technologies such 
as computer vision, natural language processing, and deci-
sion-making algorithms, raises ethical questions regarding jus-
tice, agency, and accountability (6). These concerns are partic-
ularly salient when such systems operate through architectures 
outside of complete human supervision, such as deep neural 
networks (7). Addressing these issues requires more than tech-
nical evaluation; it necessitates interdisciplinary analysis that 
incorporates perspectives from ethics, philosophy of technol-
ogy, robotics, and law. Ethical assessment must account for 
both the capabilities of systems such as simultaneous localiza-
tion and mapping (SLAM, building a map of an unknown en-
vironment while estimating real time position), sensor fusion 
(integrating data from multiple sensors to improve reliability), 
and reinforcement learning (a machine-learning paradigm in 
which an agent learns through reward–penalty feedback) as 
well as the broader socio-political implications, including shifts 
in labor dynamics, authority, and ethical responsibility (8).

Notably, a tension exists between focusing on future versus 
present ethical risks of AI. While some futurists warn that su-
perintelligent AI could pose existential risks to humanity, crit-
ics of longtermism (the ethical stance that prioritizes actions 
whose benefits extend to the far future) argue that an exclusive 
focus on speculative future catastrophes fails to address serious 
problems happening now and may even serve to justify com-
promising people’s present rights and interests for the sake of a 
far-off greater good (9). In the context of healthcare, an exces-
sive preoccupation with distant AI can be ethically distracting, 
diverting attention from pressing justice issues that are real, 
imminent and pervasive today (10). In this scheme, this pa-
per reviews the call for multigenerational bioethics (an ethical 
framework that weighs biomedical decisions’ consequences 
for both present and future generations), balancing long-term 
concerns against urgent present-day ethical challenges (9). 

We first examine the technological and historical trajectory 
that has led to the current role of AI and robotics, highlighting 
how the displacement of human agency has deep philosophical 
roots. We then discuss the implications of AI and robotics for 
labor and the political economy, the challenges of autonomy 
and ethical responsibility in artificial agents, and the regulato-

ry responses emerging to govern these technologies. Next, we 
focus on the medical paradigm as a high-stakes context for AI, 
exploring how autonomous systems are transforming health-
care ethics. Finally, we consider issues of social justice, includ-
ing how AI and robotics might reinforce or mitigate structural 
inequalities. Throughout the discussion, we integrate perspec-
tives from key ethical frameworks such as consequentialism, 
deontology, virtue ethics, and information ethics to analyze 
how each framework addresses (or fails to address) the ethical 
challenges posed by intelligent machines. Finally, we conclude 
by reflecting on the need for ongoing ethical vigilance and in-
clusive governance to ensure that AI and humanoid robotics 
remain anchored in human values such as dignity, fairness, and 
responsibility.

Autonomy, ethical responsibility, and ethical decision-mak-
ing in artificial agents
As AI systems gain functional autonomy, attributing ethical 
and legal responsibility for their actions becomes increasingly 
complex. Intelligent agents are now deployed in sensitive do-
mains such as autonomous vehicles, surgical robots, military 
drones, and algorithmic decision-making in criminal justice 
and finance. These systems produce outcomes that directly 
impact human lives, rights, and well-being. Unlike earlier au-
tomated machines (which followed deterministic rules set by 
humans), many modern AI systems operate with a degree of 
independence, making real-time decisions in dynamic, un-
certain environments and sometimes learning or adapting as 
they go (11). This raises a foundational ethical question on how 
to assign responsibility when an autonomous machine causes 
harm. Potentially liable actors include the manufacturer, the 
software developer, the end-user, the deploying institution, or, 
in more abstract terms, the algorithm itself (12,13).

Classical moral theories offer limited guidance here, because 
they generally assign responsibility only to entities capable of 
intention and understanding. Deontological ethics (exem-
plified by Immanuel Kant) restricts moral agency to rational 
beings who can act from duty and understand the moral law. 
Virtue ethics emphasizes the cultivation of moral character and 
practical wisdom (phronesis), traits that are developed through 
human habit and experience. Current AI systems, no matter 
how sophisticated, lack consciousness, intentions, and moral 
awareness; they simulate decision-making without any internal 
comprehension or volition. From a Kantian perspective, an AI 
cannot be a moral agent because it cannot reason about right 
and wrong or be motivated by respect for moral law (14). From 
a virtue ethics perspective, a robot cannot cultivate virtues or 
vices since it has no genuine character or life experience. To 
summarize, outsourcing ethically consequential decisions to 
non-sentient systems disrupts traditional paradigms of moral 
agency and accountability (15).

From a consequentialist or utilitarian perspective, the ethical 
value of AI decisions may be judged solely by their outcomes, 
regardless of who makes them (e.g. fewer errors, greater overall 
health benefits). Indeed, some proponents of AI in medicine 
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suggest that if an algorithm saves more lives through accurate 
diagnoses or surgeries, a consequentialist calculus would favor 
its use. However, critics warn that exclusively outcome-focused 
reasoning can justify unethical means or erode individual 
rights (10). This is evident in the longtermism debate: maxi-
mizing certain future outcomes (like preventing a hypothetical 
catastrophe) could be used to rationalize harming or neglecting 
people in the present (9). In the context of AI, a consequen-
tialist approach needs constraints; otherwise, one might ignore 
issues of consent, autonomy, or justice for the sake of efficiency 
or aggregate welfare. Thus, most ethicists agree that AI systems, 
especially in healthcare and public domains, must be evaluated 
not only by their results but also by the fairness and transpar-
ency of their processes. 

Technological evolution and the displacement of human 
agency
Automation has long been a central vector of human progress. 
Since prehistoric times, humans have engineered tools to en-
hance their physical strength and capabilities. However, the 
current trajectory of AI and robotics does not simply acceler-
ate efficiency, it fundamentally alters the structure of agency 
itself. For the first time in history, cognitive and decision-mak-
ing processes including medical diagnosis, legal reasoning, 
emotional care, and strategic planning are increasingly being 
entrusted to systems devoid of consciousness, intentionality, 
or ethical sensibility. This marks a paradigm shift in the an-
thropological foundations of work and social life (16). It is not 
merely a functional substitution of labor by machines, but a 
transformation with far-reaching ethical, legal, and existential 
implications. Robotic systems equipped with autonomous nav-
igation, probabilistic reasoning, and adaptive behavior can now 
perform tasks that previously required human experience and 
contextual understanding (17).

When machines take on roles that involve care or judgment, 
does it diminish the role of empathy, compassion, or human 
intuition in those domains? In healthcare, for example, if an 
AI-driven diagnostic system or an autonomous surgical ro-
bot makes critical decisions, the traditional patient–caregiver 
relationship is altered. The human clinician’s agency is partly 
ceded to a device that cannot truly “care” or understand in the 
human sense. Such displacement challenges long-standing as-
sumptions about human uniqueness and the value of human 
oversight. Ensuring that these technologies remain tools for 
humans, rather than replacements of humans, is a core ethi-
cal concern. Many argue for maintaining meaningful human-
in-the-loop control in life-critical applications so that human 
judgment can always override or guide automated decisions 
when necessary (18). In this context, every algorithmic recom-
mendation must remain advisory until the attending clinician 
validates or rejects it, and any clinician-AI disagreement should 
pause automation and alert human staff for immediate checks.

Labor displacement and the political economy of automa-
tion

Another ethical concern is based on how automation trans-
forms the structure of labor and the distribution of social and 
economic power. Indeed, one of the most visible impacts of AI 
and robotics is on the world of work. The sociotechnical con-
sequences of AI-driven automation have been examined across 
diverse intellectual traditions. Over a century ago, Karl Marx 
identified mechanization as a source of worker alienation es-
tranging laborers from both their work and its outcomes. In his 
later notion of the “general intellect,” elaborated in Grundrisse, 
Marx anticipates today’s algorithmic infrastructure, an era 
where centralized, nonhuman systems accumulate knowledge 
and decision-making power previously vested in human work-
ers (19). Max Weber’s analysis of bureaucratic rationalization 
in The Protestant Ethic introduced the metaphor of the “iron 
cage”, wherein procedural efficiency can override human val-
ues (20). Jürgen Habermas, in the Theory of Communicative 
Action (1981), later underscored the erosion of participatory 
agency under technocratic systems (21). Together, these think-
ers warn that uncritical embrace of technical rationality can 
encroach on human freedom and meaning.

In the contemporary context, the post-industrial futurist Jer-
emy Rifkin predicted that intelligent automation would lead to 
widespread labor displacement and a dual society: a tech-em-
powered elite versus a marginalized class of unemployed. Such 
projections are increasingly supported by empirical data (22). 
For example, the OECD’s Employment Outlook (2023) reports 
that, on average across its member countries, 27% of jobs are 
at high risk of automation, especially those involving routine 
tasks in sectors like manufacturing, administrative support, 
and finance (23). Likewise, the World Economic Forum’s Fu-
ture of Jobs analysis (2020) projected that while 85 million jobs 
may be displaced by 2025 due to automation and AI, about 97 
million new roles could emerge in that same timeframe (24). 
These shifts demand proactive societal responses: investment 
in workforce retraining, education in digital skills, and social 
safety nets for those most affected. Without such measures, 
there is a risk of exacerbating economic inequality and creating 
what Yuval Noah Harari has termed the “useless class” of indi-
viduals rendered unemployable by technology (25).

From a bioethical perspective, the loss of meaningful work 
is not only an economic problem but also a challenge to funda-
mental human needs. Philosophical traditions from Aristotle 
to Hannah Arendt have emphasized that labor is not merely 
a means of survival, but a vital component of human identity, 
ethical development, and participation in communal life. Ar-
endt’s analysis in The Human Condition emphasizes that work 
and action confer purpose and a sense of belonging in society 
(26). If AI-driven automation erodes opportunities for people 
to contribute meaningfully through work, it raises the question 
of how can human dignity and agency be preserved in a high-
ly automated society? This question intersects with bioethics 
when considering technologies like care robots or AI in health-
care administration, where work is tied deeply to empathy and 
human connection. Ensuring that automation does not strip 
away the dignity of work or reduce persons to passive recipients 
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of algorithmic decisions is a ethical imperative. It calls for an 
ethical evaluation of innovation not just in terms of productivi-
ty, but in terms of its impact on human flourishing (27).

Legal responsibility and accountability
Although AI offers substantial benefits in diagnostics, drug 
discovery, clinical management, and surgery, evidence suggests 
significant challenges related to errors and accuracy (28,29). AI 
applications have demonstrated promise in predictive analyt-
ics, individualized treatments, and efficient resource allocation 
in healthcare (5,30). Yet, despite these advancements, studies 
have identified concerning limitations, such as inconsistent 
performance, opacity of algorithms (when an algorithm’s in-
ternal logic is difficult to interpret), and uncertain error rates 
(30,31).

Critical evaluations reveal that AI-generated content can be 
inaccurate, fictional, or supported by non-existent references, 
highlighting risks associated with blind trust in these tech-
nologies (31,32). For instance, Obermeyer et al. showed that 
a population-health algorithm widely deployed in U.S. hospi-
tals sent disproportionately fewer Black patients to high-risk 
care programs because it used past health-care spending as a 
proxy for medical need, thereby embedding racial bias into tri-
age decisions. Jin et al. illustrate that a leading LLM correctly 
answered 81.6 % of multiple-choice clinical questions but only 
27.2 % of image-based cases, and 35.5 % of its correct answers 
were justified with flawed clinical rationales(33–35). Moreover, 
the error rate in AI-driven healthcare remains inadequately 
quantified across specialties (36,37). Accountability for errors 
and the potential deskilling of medical professionals further 
complicate ethical and legal considerations (38). Recent studies 
indicate that combining AI with human expertise consistently 
outperforms either AI or human judgment alone (39,40). For 
instance, AI-physician collaborations in prostate cancer diag-
nostics achieved 90-98% accuracy versus AI alone reaching 86-
94% (41–43).

Having outlined the socio-economic impacts of automation, 
we now turn to the legal frameworks that must govern them. 
The challenge of responsibility becomes concrete when we con-
sider legal accountability for AI-induced harm. Traditional le-
gal frameworks (both civil and criminal law) assume a clear link 
between an agent’s intent (mens rea) and action (actus reus). 
AI systems complicate this link because their “actions” may 
result from complex probabilistic algorithms and data-driven 
learning processes rather than direct human intent. Consid-
er an autonomous surgical robot that causes an injury due to 
an unexpected edge case in its programming, or an AI-driven 
diagnostic system that consistently under-diagnoses a certain 
demographic due to bias in training data. In such cases, estab-
lishing causality and fault is challenging. Multiple factors might 
be involved: the design of the algorithm, the quality of training 
data, the way the hospital deployed the system, and even the 
clinician’s oversight (or lack thereof) in using the tool. Legal 
scholars increasingly suggest that we move toward models of 
distributed responsibility. Instead of looking for a single culpa-

ble party, we might allocate responsibility across the AI’s supply 
chain: the developers, the manufacturers, the regulators who 
approved it, the users, and the institutions that adopted it. This 
concept of shared accountability is gaining traction especially 
for complex AI like self-driving car fleets or clinical AI support 
systems, where no single actor has full control over outcomes.
Regulators worldwide are starting to respond to these challeng-
es. The European Union, for example, has proposed an Artifi-
cial Intelligence Act (published in 2024) that uses a risk-based 
regulatory approach (44). High-risk AI applications will face 
strict requirements for safety, explainability, human oversight, 
and fairness. Although lawmakers have so far stopped short of 
granting legal personhood to AI (a notion widely criticized by 
ethicists for potentially diluting human accountability), there 
are active discussions on updating liability laws. Frameworks 
like the EU’s emphasize that AI systems must remain tools and 
that the humans deploying them retain ultimate responsibility 
(45). In parallel, standards bodies and professional organiza-
tions are issuing guidelines for algorithmic accountability and 
audit trails, so that when something goes wrong, we can trace 
the decision process of the AI and identify any points of failure 
or negligence. Overall, ensuring accountability in AI systems is 
recognized as crucial not only for justice in individual cases of 
harm but also for public trust in these technologies.

The simulation of understanding
A key philosophical limit of machine agency is that AI can sim-
ulate cognition and even empathy without actually possessing 
understanding or feelings. John Searle’s Chinese Room thought 
experiment, for example, illustrates that a computer could exe-
cute rules to convincingly answer Chinese language questions 
without understanding a single word of Chinese (46). This 
implies that no matter how intelligent an AI appears, its “in-
telligence” may be entirely syntactic, lacking any semantics or 
consciousness. In real-world robotic systems, we see parallels: 
a social robot might engage a patient in friendly conversation, 
yet these systems have no awareness or concern; they are sim-
ply following complex programming or learned models. Such 
simulated empathy, while ethically limited, can nonetheless 
provide pragmatic benefits. For example, studies have shown 
that patients may feel more at ease interacting with humanoid 
robots in hospital settings, especially in roles like companion-
ship, preoperative calming, or physical rehabilitation support, 
provided a human clinician maintains oversight (27). Used 
carefully, this simulation of care may enhance the patient ex-
perience without misleading them about the machine’s true 
capabilities. Still, it remains a crucial bioethical point that if ar-
tificial agents cannot possess ethical subjectivity or true under-
standing, they cannot bear ethical responsibility for their ac-
tions. Responsibility must be traced back through the chain of 
human designers, developers, and deployers who created and 
managed the system. This places responsibility squarely on the 
human designers, developers, and deployers to ensure proper 
oversight, validation, and accountability (47).
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Bioethical implications in healthcare: The medical paradigm
Among the most ethically charged domains affected by AI 
and robotics is healthcare. Medicine is a paradigm case for 
bioethics, traditionally governed by principles like autonomy, 
beneficence, non-maleficence, and justice. The introduction 
of AI into clinical settings tests these principles in new ways. 
AI-powered tools are now used for diagnosis (e.g. deep learn-
ing algorithms reading radiology scans), prognosis (predictive 
models for disease outcomes), treatment planning (AI recom-
mending personalized therapies), and even direct intertvention 
(robot-assisted surgeries or AI-controlled anesthesia) (48). 
AI-enabled diagnostics can analyze medical images or genom-
ic data faster and in some cases more accurately than human 
experts. Algorithmic decision-making in medicine appears in 
forms like triage algorithms prioritizing patients in emergency 
rooms or risk scores guiding treatment eligibility. Experimental 
autonomous surgical systems have also been created, suggest-
ing a future where robots might conduct certain procedures 
with minimal human input (27).

These advances offer substantial benefits such as improved 
accuracy, consistency, and efficiency in care. However, they 
also raise serious ethical questions. When an AI system makes 
a mistake (for example, a misdiagnosis or a treatment recom-
mendation that cause a side effect), assigning liability is difficult. 
Is the software developer responsible for a flawed algorithm? 
Is the medical device manufacturer responsible for inadequate 
validation? Is the healthcare institution at fault for deploying 
the system, or the clinician for over-relying on it? Such sce-
narios reveal gaps in our current accountability models (49). 
They also challenge the principle of informed consent: patients 
typically consent to treatments administered by human profes-
sionals, but do they meaningfully consent to the involvement 
of AI decision tools, especially if they are not fully aware of 
them? Patient autonomy could be undermined if, for instance, 
a hospital mandates the use of an AI diagnostic aid and the 
patient is not given the option to consent to algorithmic eval-
uation (27). Therefore, to preserve meaningful consent, each 
patient should receive and sign an AI-disclosure-and-choice 
form, which must offer an explicit option to be treated through 
a human-only workflow.

A concern increasingly raised in the literature is the deskill-
ing of healthcare professionals due to overreliance on AI sys-
tems. As automated systems take on more diagnostic and pro-
cedural roles, there is a risk that clinicians' expertise may erode 
over time, potentially compromising care when human inter-
vention becomes necessary (38).

To uphold core bioethical principles, scholars have suggest-
ed extending and adapting them for the AI era. For autonomy, 
this might mean ensuring transparency about when AI is used 
and giving patients the right to a human second opinion. For 
beneficence and non-maleficence, it means rigorously testing 
AI systems for safety and efficacy, analogous to drug trials, 
and monitoring their performance continually after deploy-
ment (since AI can drift or behave unpredictably in changing 
real-world data environments) (48). Justice in healthcare AI 

demands scrutinizing these systems for bias: there have been 
cases where diagnostic algorithms underperform for under-
represented groups (for example, skin cancer detection where 
AI worked less accurately on darker skin, or symptom-check-
er apps that cater to male symptom presentations over female) 
(50). If not addressed, such biases can exacerbate health dispar-
ities, violating the ethical commitment to equity.

In medical imaging, in particular, studies have shown how 
AI systems can inherit and amplify biases present in training 
data, potentially affecting diagnostic accuracy across demo-
graphic groups (51).

Technoethicists like Deborah Johnson and James Moor 
have advocated for technoethical or Value-Sensitive Design 
approaches (methods that embed ethical and social values di-
rectly into a technology’s design, deployment, and use): em-
bedding ethical reflection throughout the entire lifecycle of 
medical AI, from design and data selection to implementation 
and user training (52,53). This echoes Hans Jonas’s Principle of 
Responsibility, which urges a precautionary approach to pow-
erful new technologies (54). In practice, a Jonas-inspired view 
in healthcare AI translates to designing systems with built-in 
ethical safeguards and fail-safes, and using pilot programs or 
phased rollouts to catch unforeseen issues before widespread 
use. For example, an autonomous robot for elder care might in-
clude strict constraints to always yield control to human care-
givers in ambiguous situations, or an AI surgical tool might 
be programmed to pause and ask for human intervention if it 
encounters data outside its trained distribution. Continuous 
post-deployment auditing is equally crucial: stakeholders must 
monitor AI in the field and be ready to adjust or withdraw sys-
tems that show problematic behavior. Above all, such measures 
ensure that patient welfare and dignity remain central, guiding 
ethical decisions about AI's appropriate deployment in health-
care.

Social inequalities, justice and distributive fairness in AI
The benefits of AI and robotics are not experienced uniform-
ly across society. While these technologies promise efficiencies 
and improvements, they often operate within existing social 
frameworks that are full of inequality. There is a growing con-
cern that AI systems, if left unchecked, will replicate or even 
amplify structural injustices related to class, race, gender, ge-
ography, and disability. AI reflects the values and biases of its 
creators and the data it is trained on. In healthcare, for example, 
if an AI diagnostic tool is developed using data primarily from 
Western hospitals, it may perform poorly in under-resourced 
settings or among minority populations, thus widening health 
disparities (50). Similarly, advanced humanoid robots or assis-
tive AI devices may be available only to wealthy institutions 
or nations, creating a disparity in who can benefit from tech-
nological progress (55). Although AI’s advantages remain un-
evenly distributed, especially in healthcare, targeted deploy-
ment could significantly aid developing countries in areas such 
as agriculture, food safety, and infectious-disease surveillance. 
To realize these gains, stakeholders must confront the barriers 
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that slow adoption in low-resource settings, including limited 
financing, inadequate digital infrastructure, shortages of tech-
nical expertise, and the absence of clear regulatory frameworks 
(56,57).

Building on Pierre Bourdieu’s theory of social and cultur-
al capital (58), technological capital refers to the ability to ac-
cess, control, and effectively use advanced technologies like AI. 
Those with higher education, technical skills, and institutional 
support are positioned to gain significantly, whereas marginal-
ized groups may face greater risks, such as job displacement or 
biased surveillance. Communities with resources leverage AI 
for improved education and healthcare, while disadvantaged 
communities might disproportionately endure AI-driven sur-
veillance or poorly tested algorithmic systems. For instance, 
algorithmic bias in criminal justice risk assessments has led 
to harsher outcomes for minority defendants in some cases, 
demonstrating how a tool can entrench societal bias under the 
guise of objectivity (48).

Structural inequality can also be reinforced through simple 
technical choices. A rehabilitation exoskeleton that isn’t de-
signed for diverse body types effectively excludes certain users; 
a voice-activated assistant that doesn’t recognize non-native ac-
cents marginalizes those users; an autonomous vehicle trained 
on city environments might perform unsafely in rural areas. 
These reflect whose needs and values were prioritized in de-
velopment. Addressing this requires ethical commitment to in-
clusivity in design and deployment. Techniques such as partic-
ipatory design, where end-users from various backgrounds are 
involved in the creation of AI systems, can help ensure broader 
perspectives are considered (59). Likewise, conducting bias 
audits and fairness tests on AI algorithms (particularly for al-
gorithms deployed in high-stakes domains such as healthcare, 
credit, or hiring) are essential to detect and mitigate disparate 
impacts. Developers can integrate this practice by following 
a standardized audit workflow aligned with, for example, the 
NIST AI Risk Management Framework (60).

While fairness in AI is often foregrounded in ethical dis-
cussions, some scholars argue that diagnostic accuracy should 
take precedence, especially when improving outcomes within 
specific populations. They suggest focusing on performance 
within subgroups rather than overall demographic parity (61). 
AI in healthcare can pose distinct harms and benefits for dis-
abled individuals. Design flaws, lack of inclusive training data, 
or assumptions about patient autonomy may result in systems 
that inadequately serve, or even harm, patients with disabilities 
(62). Ethical frameworks must explicitly consider disability in-
clusion in both design and deployment phases.
The spectre of a technologically-driven underclass, sometimes 
described in Harari’s terms as the “useless class,” raises bioethi-
cal issues around human worth and societal obligation. If a seg-
ment of the population is rendered economically “useless” not 
by lack of merit but by systemic automation, how should soci-
ety respond? Yuval Noah Harari and others prompt us to con-
sider policies that ensure everyone retains access to the means 
of a dignified life, such as universal basic income or public-ser-

vice jobs geared towards human-centric roles that AI cannot 
fill (for example, jobs emphasizing empathy, creativity, or social 
interaction) (25). Michel Foucault’s notion of biopolitics is also 
relevant: power in the modern age often works through man-
aging populations; deciding which lives are fostered and which 
are neglected. In a world mediated by AI, those who control 
the algorithms have a new form of power to shape life chanc-
es. Ethical governance of AI must therefore include equity as a 
core principle, asking who benefits and who might be harmed 
by a given application (63).

To move toward a fair distribution of AI’s benefits, policy 
proposals have emerged, including algorithmic impact assess-
ments to evaluate and disclose AI’s societal effects (64). Data 
governance models like data trusts or data dividends can pro-
vide communities control over their collective data’s value (65). 
Stronger public investment in AI education and re-skilling 
programs can help displaced workers find new opportunities. 
Internationally, UNESCO recommends ethical AI use, empha-
sizing inclusiveness and peace, advocating shared AI advance-
ments across borders to prevent global gaps (66). Crucially, 
justice in AI is ongoing, requiring structural awareness in de-
sign, deliberately accommodating underrepresented cases, and 
capping costs of life-saving technologies to ensure affordability 
(67). Inclusive stakeholder dialogue, from patients to justice 
groups, is vital to identify subtle ways AI might disadvantage 
people and devise solutions (59,64).

Toward an information ethics
Given the difficulties of fitting AI into anthropocentric ethical 
models, some philosophers have proposed new frameworks. 
Luciano Floridi’s theory of Information Ethics is one such 
approach that evaluates the ethical significance of actions in 
terms of their impact on the broader information environment, 
rather than the intentions of a conscious agent (68). In Floridi’s 
view, artificial agents can be considered “ethical agents” in a 
limited sense based on the consequences of their interactions 
within a system of information (69). For example, an AI di-
agnostic tool in healthcare can be judged by how well it up-
holds values like accuracy, privacy, transparency, and non-ma-
leficence in its operation. The AI doesn’t need to understand 
ethics; rather, we imbue the system with ethical principles 
and evaluate it by how those principles are realized in prac-
tice. This functional approach aligns with emerging trends in 
machine ethics and ethical-by-design engineering. Developers 
are increasingly attempting to embed ethical constraints into 
AI through techniques like value alignment, safety layers, and 
explainability features. The focus shifts from asking whether a 
robot has ethical intentions to asking how its behavior can be 
guided by ethical design and governance. In short, information 
ethics and related frameworks allow us to treat AI as part of a 
wider ethical landscape, one that includes humans, machines, 
and institutions, where normativity is distributed and not sole-
ly tied to individual human intent.
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ConclusionsConclusions
Artificial intelligence and robotics have shifted from being pe-
ripheral tools to becoming transformative forces that reshape 
the ethical, ontological, and socio-political dimensions of hu-
man life. Their integration into critical areas such as clinical de-
cision-making, transportation, labor, and caregiving requires a 
reexamination of fundamental bioethical concepts, including 
personhood, autonomy, ethical agency, and justice. As these 
technologies increasingly influence decisions with significant 
human consequences, they reveal a growing gap between our 
technological capabilities and our ethical and legal prepared-
ness. Issues such as algorithmic opacity, centralized control, 
and reduced transparency raise urgent concerns about consent, 
accountability, and the protection of human dignity. In this 
context, bioethics must move beyond a reactive or specialized 
role and become a proactive, interdisciplinary framework for 
addressing both immediate harms and long-term implications. 
This includes adopting anticipatory ethics, embedding princi-
ples like fairness, transparency, accountability, and human-cen-
tered design into AI systems, and engaging with diverse ethical 
traditions. Bioethics should adopt a multigenerational frame-
work that tackles clear, high-probability harms such as algo-
rithmic bias and health-care inequity, while remaining flexible 
towards lower-probability, long-term AI risks through iterative 
review and inclusive stakeholder input. 
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